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© integrated semiconductor circuit Including protection means* 

© The invention relates to a circuit which is in- 
tegrated on a semiconductor substrate In order to 
drive a load, (for example, a VFD) by means of a 
comparatively high voltage (for example, 35 V), com- 
prising a first and a second supply voltage terminal 
for application of the comparatively high voltage, an 
input, and a load output whereto a load to be driven 
by the circuit can be connected, there also being: 
provided a switching transistor, a protection transis- 
tor and a sub-circuii. the Switching transistor and the 
protection transistor be I no connected in series, the 
gate of the switching transistor being connected to 
the input, the source of the switching transistor being 
connected to a first supply voltage terminal, and the 
drain of the protection transistor supplying a signal 
for the suo-circuit during operation, the output of the 
sub-circuit being connected to the load output and 
the gate of the protection transistor receiving a fixed 
voltage, the protection transistor being conceived so 
thai it limits the voltage at the drain of the switching 
transistor. 



ttan* Koto* (UK) Business Sfttwnon 
(3 »o;a <s/3 J «) 



ONSOOOD: <CS> 



060MS1A2 I > 



PAGE 8/58 1 RCVD AT 5/2512005 1 1:48:50 PM (Eastern Daylight Time] 1 SVR:USPTO-EFXRF-5/17 ' DNIS:2738300 ' CSID:17039974517 * DURATION (mm-ss):21-14 



To: USPTO Page 9 of 58 



2006-05-26 03:48:50 (GMT) 



17039974517 From: BINCHI CHANG 



EP 0 561 451 A2 



The invention roiates to a circuit which is in- 
tegrated on a semiconductor substrate for to vol 
conversion or lor driving a load (for example. VFD 
= Vacuum Fluorescence Displays) with a com- 
paratively high voltage (for example, 35 V), com- s 
prising a first and a second supply voltage terminal 
for application oi the comparatively high voltage, an 
Input and an output, there also being provided a 
switching transistor, a protection transistor and a 
sub-circuit, the switching transistor and the protec- to 
tion transistor being connected in series, the gate 
of the switching transistor being connected to the 
input, the source of the switching tranfitetor being 
connected to a first supply voltage terminal, and 
the drain of the protection transistor supplying a ?s 
signal for the sub-circuit during operation, an out- 
put of the sub-circuit being connected to the output 
and the gate of the protection transistor receiving a 
fixed voltage, 

A circuit of this kind is known from Proceed- 20 
ings of the IEEE Custom integrated Circuits Con- 
ference, Portend, Oregon, May 4-7, 1987 > pp. 267- 
271 , in circuits of this kind it is important to ensure 
that no breakdowns occur in any location due to 
excessive fieid strengths especially at the drain or sn 
gate junctions. 

It is an object of the invention to propose a 
circuit integrated on a semiconductor substrate In 
which the vulnerability cf the circuit to the com- 
paratively high voltage for driving the toad con- 30 
noctod to the circuit is substantially reduced Of 
even eliminated, without addiUonal technology and 
without complex process stops being used. 

To achieve this, an integrated circuit on a 
semiconductor substrate in accordance with the an 
invention is characterized in that the protection 
transistor is conceived so that it limits the voltage 
at the drain of the switching transistor. 

An embodiment of the integrated circuit in ac- 
cordance with the invention is characterized in that 40 
the gate of the protection transistor is provided on 
the field oxide layer of the integraied circuit. Be- 
cause the sate of the protection transistor Is pro- 
vided on the field-oxide layer of the integrated 
ClrCuH in accordance with rive invention, the thnesh- <6 
old voltage ol such a transistor is much higher (tor 
example. 26 V) than in conventional transistors; this 
is due to the thickness of the fleW oxide. The so- 
celted "body effect" also makes a contribution in 
this respect. The threshold vottage V^x of a MOS- $0 
FfcT cart be expressed as; 

Vj* - Vjo-y WVtt +" S*; - V2*7 } 

for p-channel MOS transistors (for n-chahnel tran- 55 
slstors, -Vas and -y should be inserted in this eola- 
tion), 
where: 



Vbs: 
and 



threshold voltage for V H9 ■» 0 

bulk-source voltage 

Fermi potential: (kT/q) ln(N/Ni) 



Therein, 



ox 



dielectric constant of silicon 
density Of the charge carriers in bulk 
(donators for p-channel MOS transistors, 
accepters for n-chanpel MOS transis- 
tors) 

surface concentration in channel region 
intrinsic concentration of the charge car- 
riers In the purified material sample 
elementary charge 



N: 
N,: 

q: 
and 

Co».- 
where 

: dielectric constant of the oxide layer 
tox- thickness of the oxide layer. 

Conventional MOS transistors have a compare- 
tivety thin oxide layer <~ 30-50 nm) between the 
gate and the channel region. Because the gate of 
the protection transistor Is provided on the thick 
field oxide (thickness um) already present tn 

any integrated circuit a comparatively high thresh- 
old vottage is obtained. For V TO a parasitic thresh- 
old voltage (dielectric in the form of Held oxide 
instead of gate oxide) of from approximately 12 to 
15 V is concerned. Added thereto is a strong body 
effect, because y is inversely proportional to C M 
which Is small because of This high threshold 
voltage prevents the occurrence of a hroakdown at 
the drain diode of the switching tiansistor during 
operation, because the potential ai the drain of the 
switching transistor remains limited. The protection 
transistor is turned off already before the drain 
potential of the switching transistor has dropped SO 
far that a breakdown of the cited diode occurs. 

A further embodiment ol the integrated circuit 
in accordance with the invention is characterized in 
that the swftching transistor comprises an extended 
drain and/or" the protection transistor comprises an 
extended drain and an extended source. An ex- 
tended drain 01 source region is formed when the 
well material Is used to envelop the p + in a p- 
channel transistor in p-woil technology or the n* in 
an n-charmei transistor in rvweU tochnotogy. The 
breakdown strength of the drain or source region is 
thus Increased, 

A further embodiment of the integrated circuit 
In accordance with the invention is characterized in 
that the sub-circuit comprises a resistance. The 
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switching transistor, tho protection transistor and 
the resistance together form a tevel converter hav- 
ing an output terminal connected to the drain of the 
protection transistor 

A further embodiment of the integrated circuit s 
in accordance with the invention Is characterized in 
that the Sub-circuit comprises a current- amplifier 
circuit which is conceived as an emitier-foliowet 
circuit comprising two vortical integrated bipolar 
transistors forming a Darlington pair. The sul>clr- to 
cuit serves for impedance conversion. In the case 
of an n -substrate, a Darlington pair is appropriate in 
this respect, because the logic high state must be 
iow-ohmlc for VFD drivers, 

A further embodiment of the integrated circurt ts 
in accordance with the Invention is characterized in 
that the sub-circuit comprises a further switching 
transistor whose source is connected to the second 
supply voltage terminal, whose gate Is connected 
to the drain of the protection transistor, and whose so 
drain is connected to the first on© of a series- 
connected cascode of further protection transistors, 
the drain of the fast further protection transistor of 
the cascode being connected to the output, the 
gates of the cascode of further protection trsnsis* z$ 
tors being connected via a series connection of 
resistances, the output being connected to the em- 
itter of a switch-off transistor whose collector is 
connected to the first supply voltage terminal and 
whose base is connected, via a resistance, to its so 
emitter end to the drain of a further uaneistor 
whoso source re connected to the first supply volt- 
age terminal and whose gate is connected to the 
drain of the protection transistor, the cascode of 
resistances being proportioned so that the voltages 3S 
at the drain-gate junctions and at the drain-source 
junctions of the further switching transistor and the 
further protection transistors are limited- In VFD 
drivers, the logic high state should be iow-ohmlc. In 
the case of a p-substrate, a Darlington pair cannot 40 
be used for this purpose, because tha dual switch- 
ing ©lament Is a pnp substrate transistor which can 
make only tho logic low state iow-ohmic. Therefore, 
in accordance with the invention the cascode of the 
further switching transistor and the further protec- as 
tlon transistors is used to make the high state low* 
ohmic. The gate voltage of the protection transis- 
tors is comparatively low in tho switched-on state. 
In the switched-Oft state the voltages are separated 
so that each transistor has to cope with only a part 50 
of the overall toad. 

A further embodiment of the integrated circuit 
in accordance with tho invention is characterized in 
that the gate of the protection transistor is con- 
nected to tho second supply voftage terminal. This 55 
embodiment is advantageous because no further 
fixed voitage of a value between the voltage levels 
of the two supply voitage terminals need be pro- 



vided for the gate of the protection transistor. 

The invention will be described in detail 

hereinafter with reference to embodiments shown 

in a drawing; therein: 

Figs. 1A> B. C and D show a preferred embodi- 
ment of a circuit in accordance with the inven- 
tion: 

Fjgs 2A and B show an embodiment of a further 

circuit In accordance with the invention; 

Fig. 3 shows a further embodiment of a circuit in 

accordance with the invention, and 

Fig.. 4 shows an embodiment of a circuit in 

accordance with the invention which can be 

integrated on a p-substrate," 
Fig. 1A shows a preferred embodiment of a 
circuit in accordance with the Invention. Hie circuit 
is used, for example tor driving vacuum fluores* 
cence displays. A supply voltage of 5 V and -30 V 
is then applied to the supply voitage terminals VDD 
and VEE, reepoctivety. The circuit comprises a first 
PMOS switching transistor T1, a second PMOS. 
protection transistor T2. a sub-circuit comprising 
two bipolar npn transistors T3 and T4 which form a 
Darlington output stage, and three resistors Rt» R2 
and R3 . The PMOS transistor T1 is a conventional 
transistor having a drain D1 and a source S1 which 
axe constructed as p + regions D1, Si (see Hg. IB) 
In a substraio of n^materiai, the gate oxide having a 
thickness of from 30 to 50 nm. The gate G1 
receives an input signal Vin. Ths input signal Vin 
has. for example two logic levels: VDD (- 5 V)and 
VSS<*=0 V)- 

The protection transistor T2 (see Fig. 1C) has a 
p~ drain D2p" and a p~ source &2p~ which are 
connected Wa p* regions. The polyslficon gate G2 
is arranged on tho field oxide FOt. Consequently, 
as has already been explained, the transistor T2 
has a threshold value <for example* K -26 V for 
V es ~ 2.5 V; « -35 V for Vrg = 5 V) substan- 
tially higher than that of the switching transistor Tl 
(V T1 « l V). The drain 02p~ and the source Sap- 
are connected Wa A1 contacts provided in the 
insulating silicon oxide layer SOI . 

The bipolar transistors T3 and T4 are con- 
structed • as vertical integrated transistors as ap- 
pears from Fig. 10. in the substrate SB 01 n~ 
material, provided on the n + * semiconductor su!>- 
strate material as an epitaxial layer, thero is formed 
a p~ tub W. in said tub W tnere are formed a p* 
region as the bass B3 and an n + region as the 
emitter E3,the collector C3 of the bipolar transistors 
T3 and T4 being connected to the supply voltaQO 
VOD v/a an n + region in the substrate SB. The use 
of n* + substrate material rendors the circuit less 
sensitive to latch-up problems. Moreover, the col- 
lector supply lead resistance is reduced, which is 
particularly advantageous for a Darlington output 
stags. The resistances Rt (10 kO). R2(t0kO) and 
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R3 (100 ko) can be formed as 8 respective p~ tub 
in the n~ layer. Tho resistance R3 need not bo 
integrated, tt can be connected, outside the In- 
tegrated circuit between the load output 01 and the 
supply voltage VEE. s 

The Circuit in accordance with the invention as 
shown in Fig. 1 operates as follows. When an input 
voitage VSS 0 V) is applied to tho input termi- 
nal Vin. the transistor Tt is turned oh. Tho transis- 
tor T2 is also turned on, because the gate <52 rs rO 
maintained at the fixed voltage VEE ( - -30 V), so 
that the base of the transistor T3 becomes sub- 
stantially equal to V DD _ The output voltage Vout is 
raised via the Darlington pair T3 and T4 (Vout « 
VDD -2, V ec ; Vfttj = base-emitter voltage of the /S 
transistors T3 and T4). The Darlington pair T3, T4 
ensures suitable drive power at the load output Oi. 

When the input voltage Vin is changed from 0 
V to Voo. the transistor T1 fs turned off. As a result, 
the transistor T2 can no longer supply current. 2o 
Consequently, the base of the transistor T3 drops 
to Vefi. The voltage at the source S2 of tho protec- 
tion transistor T2 also drops towards V^e. When the 
voltage difference between the gate and the source 
Of the second transistor T2 drops below the thresh- 25 
old voltage V^ ( -26 V), the protection transistor 
T2 is turned off- Consequently, tho potential at S2 
remains limited to voltages in the vicinity of V D( > 
This transistor T2 is turned off before Its source 
drops be tow V 5G , because (as stated) the threshold 30 
voltage Via 03 -35 V for V^ - 5V. The transistor 
Tl is thus protected against drain and sate/drain 
breakdowns.. 

Rg. 2A shows a further embodiment Of a circuit 
in accordance with tho invention in which the sub- SS 
circuit (comprising transistors Q21, 022 and resis- 
tances R21, R22 and R23) can be identical to the 
corresponding sub-circuit (comprising transistors 
T3, T4 and resistances R1. R2 and R3) of Fig. 1A 
and can also have the same function: impedance <o 
conversion tor a load to be connected to the load 
output 02 (Rg. 2A), for example a vacuum fluores- 
cence display. The transistors Q21 and Q22 are 
vertical npn transistors and the resistances R21. 
R22 and R23 may be P-weH resistances, tt is not 4$ 
absolutely necessary to integrate also the resis- 
tance R23. It can also be connected, out3ido the 
integrated circuit, between the load output 02 and 
the supply voltage V fce . 

Two transistors, f.e, a switching transistor P21 so 
and a protection transistor P22, are connected in 
series between tho supply voltage Voo *wid tho 
sub-circuit comprising the transistors Q21 , Q22 and 
me resistances R21. R22 and R23. 

The control voltage V^ varies between Voo and ss 
Vrs- It is applied to the gate G21 ot the transistor 
P21. The PMOS transistor P21 is a conventional 
MOS transistor, except for the construction of its 



drain. The drain DP21 is an "oxtondod" drain 
which »s thus capable ot withstanding higher vol- 
tages, without a breakdown occur? ing at the drain. 
An exterKled drain or source region Is formed by 
using the tub material to envelop the p + in a p- 
channel transistor in p-tub technology or the n f in 
an n-channof transistor In rvtub technology. Thus, a 
higher breakdown strength of the drain or source 
region is obtained In the "extended" version rela- 
tive to tho substrate material Tho protection tran- 
sistor P22 comprises a gate G22 which is con- 
nected to a fixed voltage V M ; for example. V^ * 
(Voo + v EB )/2 in the example of Fig. 2. The ex- 
tended drain and the extended source are special 
aspects of this transistor. F\Q. 2B is a diagrammatic 
cross-sectional view of the transistor P22 (not to 
scale), in the substrate L of n~ semiconductor 
material there are provided two tubs WD and WS 
of p~ semiconductor material, which tubs constitute 
tlw drain and the source of the transistor P22. The 
source and drain connections consist of p 1 " ma- 
terial. They are surrounded by tho thick field oxide 
F02. The gate GP22, being Insulated from the n~ 
substrate t by a gate oxide layer, extends between 
the source and the drain and may overlap the thick 
field oxide layer F02 The paths dD and dS be- 
tween tho field oxide F02 and the n~ material are 
sufficiently large to make misalignment between 
gate and drain/source regions acceptable. 

The operation of the circuit shown in Fig. 2A is 
as follows; when a potential Vso ( = 0 V) is applied 
to the gate G21 of the transistor P21 ,tho transistor 
P21 is turned on and hence also me transistor P22. 
because the source potential approaches v DD (=* 

+ 5 V). The vohage between the gate G22 and the 
source S22 amounts to approximately -17.5 V. The 
current flowing through tho transistors P21 and P22 
will turn on the Darlington transistor pair Q2t and 

Q22. thus driving a load connected to the load 
output 02. 

As soon as the voltage V ln at the gate G21 
Increases and reaches Voo- | V™ I > the transistor 
P21 is turned off. The voltage ar the drain D21 then 
decreases until the gate-source voltage of the tran- 
sistor P22 decreases to Vth (the source voltage is 
then slightly lower than the fixed voltago v M + 
iVth). The drain vottage for the transistor P21 is 
thus limited to the range from £ Vwr 17.5 ^ | VTH 
| =: -11.5 V which can be withstood by an ex- 
tended drain construction. Tho drain-gate voltage 
for the transistor P22 also remains below -20 V 
(V C5 - V M ~ -17.5 V). The operation of the transistor 
P22, therefore. Is not endangered by a drain-gate 
breakdown. 

Fig. 3 shows a further embodiment of a circuit 
30 in accordance wfth the invention. The circuit 30 
comprises a switching transistor P31 and two pr'c^ 
tection transistors P32 and P33. These transistors 



PAGE 11/58 • RCVD AT 5/25/2006 1 1:48:50 PM [Eastern Daylight Time) * SVfcUSPTO-EFXRF.5/17 1 DW$:2738300 1 CSID:17039974517 * DURATION (mifc$$):2M4 



To: USPTO Page 1 2 of 58 



2006-05-26 03:48:50 (GMT) 



17039974517 From: BINCHI CHANG 



EP 0 561 451 A2 



0 



are connected to one* another and to a sub-circuit 
(consisting of transistors Q31. Q32 as Well as resis- 
tors R31, R32 and R33). in series between the 
supply voltage v w> ( + 5V) and the load output 03- 
The circuit 30 can bo integrated on a semiconduc- 5 
tor substrate, tho toad output G3 being connected 
to an output terminal of the integrated circuit, for 
example in order to drive a v&cuum-fluorescence 
disptay- 

The components Q31. Q32, R31 and R32 of w 
the sub-circuit are Identical or similar to the com- 
ponents T3. T4, R1 and R2 and have the same 
function. It is not absolutely necessary to integrate 
also the resistor R33. it can bo connected, outside 
the integrated circuit, between the load output 03 re 
and the supply voltage V ee . The transistor P3t Is a 
conventional MOSFET having a gate oxide layer of 
normal thickness (30-50 nm). Excupt for the ex- 
tended drain (see Fig. 2B). the transistor P32 is 
also a conventional transistor, as is the transistor oo 
P31. The transistor P33 is a parasitic transistor 
whose gate QP33 is provided on the (thick) fletd 
oxide (soo Fig. 1C) The gate QP33 of the transis- 
tor P33 carries a fixed potential (» -30 V), The 
gate 0P32 of the transistor P32 carries a fixed 2s 
potential V c (V c - V DO -KV orr V CE ) - -4V). The 
gate QP31 of the switching transistor P31 receives 
tho control voflago V, n (0 £ £ BV). When the 
control voltago equals 0 V. the transistors P31 , P32 
and P33 are turned on and apply current to the oo 
transistors 03 1 and Q32. A load connected to the 
toad output 03 13 thus driven. 

When the control voltage V^lncreases to 5 V. 
the transistor P31 Is turned off. The voltage at the 
drain DP31 decreases to V e + 11V W | . so to « -3 as 
V. The potential difference between tho drain DP31 
and tho gate GP31 or the substrate amounts to 
approximately 8 V; this is far less than would be 
required for a breakdown. 

The voltage at the drain DP32 Itself decreases <o 
until the transistor P33 is turned off. This occurs 
when Veh + | V TH | is reached, where Vyp is the 
p3rasittc threshold voltago. The voltage difference 
between the extended drain DP32 and the gate 
GP32 should not exceed 15 V. In other words, for a <5 
gate voltage of v c w -4 V, the voltage at the rjraln 
DP32 may not drop below -19 V. The threshold 
voltage jV^ j of iho transistor P33 should amount 
to 2 11 V; this is generally the case. 

Fig, 4 shows a further embodiment of a circuit 50 
40 in accordance with the invention which can be 
integrated on a p-substrate . This circuit 40 com* 
p"ses an NMOS switching transistor MN1, an 
NtaOS protection transistor MN2. and a sub-circuit 
which is connected in series between two supply 55 
voltages Vpp. (- + 30 V) and ( = 0 V). The sub- 
circuit comprises resistances ft41, R42. R43. bi- 
polar pnp transistors Q4-1 and Q42, a (parasitic) 



NMOS transistor MN3, further resistances R44, 
R45. R4G, R47 and R48, and PMOS transistors 
MPl. MP2. MP3, MP4 and MPS. Fig. 4 also shows 
tho load to be powered by the circuit 40. It con- 
cerns a capacitance CL with paraJtel-connectcd re- 
sistance R|L connected to the load output 04. 

The resistances R41 to R43 are connected to 
on© another and in series with the transistors MNi 
and MN2 between Vpp and Ves. The transistors 
MPi, MP2. MP3, MP4 and 041 are connected In 
series between Vp* and V S s. the collector of the 
transistor Q41 being connected to V ss and its emit- 
ter to the drain of the transistor MP4. The sources 
of MP4. MP3. MP2 and MP1 are connected to a 
respective drain of the transistors MP3, MP2. MP1 
and to Vpp. The gate GMPl of the transistor MP1 Is 
connected to tho junction of the resistances R41 
and R42. The gate GMP2 of the transistor MP2 Is 
connected to the junction point of trio resistances 
R44 and R45 whereto the emitter of the transistor 
Q42 is also connected. The collector of the- transis- 
tor Q42 is connected to V^. its base being con- 
nected to the Junction point of the resistances R42 
and R43, The gate3 GMP3 and 0MP4 of the tran- 
sistors MP3 and MP4 are connected to the junction 
points Of the resistances R4S and R46 and of R46 
and R47, respectively. The source SMP5 of the 
transistor MPS is connectod to tho resistance R47. 
The gate GMP5 and the drain DMP5 aro connected 
to one another, to the emitter of the transistor Q41 
and to tho output terminal 04- Furthermore, the 
drain DMP5 is connected to tho base BQ41 via the 
resistance R48. The drain DMN2 is connected to 
the gate GMN3 of tho transistor MN3 whoso source 
is connected to V ss and whose drain DMN3 is 
connected to the base BQ4-1 of tho transistor Q41 

In Fig. 4 a plurality of level converters are used 
to realize a 35 V VFD driver stage on a p substrate. 
The first level converter consists of MN1/MM2 plus 
resistances. The circuit still requires the inverted 
high voltage. This could be generated by inversion 
of the logic signal by means of the subsequent 
second level converter. However. It is simpler to 
achieve the invorslon at the high voltage sido by 
directly driving the "protection transistor*'. The in- 
verter and the switching transistor can then be 
dispensed with. This results in Ih3 structure con- 
sisting of MN3 with the resistances R44-R4B. Fi- 
nally, MPl may be considered to be a switching 
transistor in the context of the invention. The asso- 
ciated protection structure is the cascodo with 
MP2-MP4. Instead of Q41. use could be made of a 
resistance (however, because of the faster switch- 
off, tho active load Q41 offers advantages for prac- 
tical applications of the vDF driver). . 

G41 could be driven by a separate level con- 
verter (of the same polarity as MN3/rosistances). 
That, however, would increase the complexity. 
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Trierefore. dual use is made of the lave I converter 
MN3/Vesi stances. Tho use of the same level con- 
verter tor two purposes (driving On and bias for 
the cascodes MP2-MP4) gives rise to a conflict at 
output 04 on VPP- MPS. connected as a diode, 
serves for decoupling. 

Finally, the two level converters 
MNi/MN2/resistances and MN3/resrstances are 
coupled via 042. Q42 may bo considered to be a 
"sub-circuit" (connected this time as an emitter 
follower instead of a Darlington stage). When point 
43 is used instead of DMN2. a suitable intermedi- 
ate voltage Is used instead of the full swing 
VSS/VPP. 

The circuit 40 operates as follows: when a 
control vottaga v~~» 5 v (Vss ~ 0 V) Is applied to 
the Input 41, the switching transistor MNt is turned 
on and hence also the protection transistor MN2. 
The transistor MN2 (and the transistor MN3) Is 
similar Jo the transistor shown In Rg. 1C and 
deviates thorelrom in that use is made of p~ semi- 
conductor material instead of <T semiconductor 
material, etc. The voltage at the gate de- 
creases to approximately Ves, so that the transistor 
MN3 Is turned off. The voltage at the junction point 
42 decrease* to approximately 3V P ^4 f governed 
by the resistance ratio: 



R42 + B43 
R41 * R42 + B43 

The voltage at the junction point 43 decreases to 
approximately V P( » ■ 10 V, again governed by a 
resistance ratio: 

R43 

R41 R42^ *R43 * 

The bipolar transistor Q42 Is turned on and the 
voltage at tho junction point 4$ will amount to V PP - 
1 0V + | V Be | . V HE being the base-emitter voltage 
of 042. The transistors MPi and MP2 are then 
turnod on, like the transistors MP3 and MP4 whose 
gates CMP3 and GMP4 carry the same potential 
as the gate GMP2 because the transistor MN3 is 
turned off as described obovo. Because the transis- 
tors MP1-MP4 are turned on, the output 04 Is 
connected to a voltage ol approximately VW. de- 
pending on the load. It is important to ensure that 
no voltage differences of more than 10 V occur 
across the gates or across the drains and sources 
of MP1, MP 2, MP3 and MP4 Therefor©, no break- 
downs are to be expected In this condition. The 
transistor Q41 is also turned off, because tho emit- 
ter and the base BQ41 carry the same voltage No 
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current flows into the resistance chain R45, R46 
and R47 from the output 04, because the transistor 
MPS which Is connected as a diodo polarized in 
the reverse direction. A load <in this case ropre- 
5 sen ted by a resistance RL and a capacitance Cl_) 
may bo connected to tho output 04. This load may 
be, for example a vacuum fluorescence display 
element which is powered via the transistors MPt- 
MP4. 

70 When the control voltage at the input 41 is 

reset to 0 V, the transistor MNt is turned off and 
the voltage at the gate GMN3 increases to Vp*», 
The transistor MN3 is turned on and a current will 
flow through the voltage divider R44-R48 and the 

ts "diode * MPS. The gate GMPl of the transistor 
MPI is connected to V pp . so that the transistor 
MP1 Is turned oft. The transistor 042 is turned off, 
because the voltage at the emitter, being con- 
nected io the point 45, is lower than the base 

20 voltage amounting to v pp . The voltage divider R44- 
R48 le proportioned so that a voltage of < 10 V 
remains between the source and the drain of each 
.of the transistors MPi t MP2. MP3 and MP4. As a 
result, in each transistor voltage stress is avoided- 

26 Breakdowns of sources and drains, in bulk, do not 
occur because each transistor is situated in its own 
n~~ tub which is electrically connected to the rel- 
evant source. 

The base of the transistor Q41 carries appro**- 

so matety V tt = 0 V. Tho current through the resis- 
tance R46 produces a voltage increase between 
the base and emitter of the transistor Q41 , which is 
thus turned on and pulls the output 04 to approxi- 
mately Vss + I V BE |. 

3S The invention is not restricted to tho doscribod 

embodiments- Further embodiments are readily 
feasible within the 3copo of the invention. For ex- 
ample, the parasitic transistors could be construct- 
ed so as to have polysilicon gates or aluminium 

40 gates. 

Claims 

1. A circuit which is integrated on a semiconduc- 
45 lor substrate and which comprises a first and a 

second supply voltage terminal for application 
of a comparatively high voltage, an input and 
an output, there also being provided a switch- 
ing tiansistor. a protection transistor and a sub- 
so circuit, the switching transistor and the protec- 
tion transistor being connected In series, the 
gate Of the switching transistor being connect* 
ed to the input, the source of the switching 
transistor being connected to a first power 
55 supply terminal, and tho drain of tho protection 
transistor supplying a signaJ for the sub-circurt 
during operation, an output of the sub-Circuit 
being connoctod to the output and tho gate of 

6 
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the protection transistor receiving a fixed volt- 
age, characterised In that the protection tran- 
sistor i3 conceived co that it limits the voltage 
at the drain o1 the switching transistor. 

2. An integrated circuit as claimed in Claim 1. 
characterized \rt that the gate of the protection 
transistor is provided on the field oxide layer of 
the integrated circuit. 

3. An integrated circuit as claimed in Claim 1 or 

2, characterized In that the switching transistor 
is provided with an extended drain. 

4. An integrated circuit as claimed in Claim 1 or 

3. characterised In that the protection transistor 
is provided with an extended drain and an 
extended or norma) source. 

5. An integrated circuit as claimed In any one of 
the Claims 1 to 4, characterized in that the 
gate of the protection transistor is connected to 
the second power supply terminal. 

6. An integrated circuit as claimed in any one of 
the Claims 1 to 5, characterized in that the 
circuit comprises a third transistor which is 
connected in series between the switching 
transistor and the protection transistor, its gate 
being connected to a fixed voltage of a value 
between the gate voltage of the protection 
transistor and the first power supply vortage- 

7. An integrated circuit as claimed in Claim 6. 
characterised in that the switching transistor, 
the protection transistor and the third transistor 
are p-channel MOS transistors, the p* drain 
terminal of ttie third transistor Defng situated in 
a p~ well which extends as far as the p- 
channei underneath the gate. 

8- An integrated circuit as claimed in any one of 
tho Claims 1 to 7, characterised in that the 
sub-circuit comprises a resistance. 

9. An integrated circuit as claimed in any one of 
the Claims 1 to 8, characterized in that the 
3ut>circuit comprises a cunent amplifier cir- 
cuit. 

10. An integrated circuit as claimed in Claim 9, 
characterized in that the current amplifier cir- 
cuit is an emittor-lollowor circuit 

11. An integrated circuit as claimed in Claim 10, 
characterized in that the emitter-follower circuit 
comprises two vertical integrated bipolar tran- 
sistors forming a Darlington pair. 



12. An integrated circuit as claimed in Claim 10 or 
11, characterized in that the drain terminal of 
tho protection transistor is connected to the 
second supply voltage terminal via a series 

c connection of at least two resistances, the 

base of a bipolar transistor being connected to 
tho junction of the series connection and the 
drain terminal, the emitter being connected to 
the junction of a first and a second resistance 

w of the series connection and to the output 

13. An integrated circuit as claimed In Claim 12, 
characterised in that tho base of a second 
bipolar transistor is connected to the emitter ol 

is the first bipolar transistor, and that the emitter 

of the second transistor is connected to the 
junction of tho second and a third resistance 
and constitutes the output of the circuit. 

14. An integrated circuit as claimed in any ono o1 
the Claims lO.n ,12 or 1 3, characterized in that 
the bipolar transistor o* transistors is (are) 
formed in a respective p~ weli in n~ semicon- 
ductor material, tho base terminal being 

2s formed by a p* region and the emitter being 

formed by a n* region In the p- well, the 
collector of the transistor being made of the n~ 
material. 

$o 16. An integrated circuit as claimed in any one of 
the Claims 12 or 13, characterized in that the 
resistances are formed as a p*" well in tho n~ 
material. 

36 16. An integrated circuit as claimed in Claim 1. 3 
or 4, characterised in that the drain and the 
source of the protection transistor are formed 
by p~ wells in n~ material, p + regions for 
contacting being formed in the p~ wells. 

40 

17, An Integrated circuit as claimed In any one of 
tho Claims 1 to 5, characterized in that the 
sub-circuit comprises a further switching tran- 
sistor whose source Is connected to the sec- 

46 ond supply voltage terminal, whose gate is 

connected to the drain of the protection tran- 
sistor, and whose drain is connected to the 
first one of a serios-connoctod cascode of fur- 
ther protection transistors, the drain of the last 

so further protection transistor of the cascodo be- 

ing connected to the output, the gates of the 
cascode of further protection transistors being 
connected v/e a Series connection of resis- 
tances, the output btflng connected to the em- 

fic irtor of a switch-off transistor whose collector is 

connected to tho first supply voltage terminal 
and whose base is connected, vie a resis- 
tance, to its emitter and to the drain of a 
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further transistor whoso source is connected to 
tho first supply voltago terminal and whoso 
goto is connected to the drain of the protection 
transistor, the series connection of resistances 
being proportioned so that the voltages at the 5 
drain-gate junctions and at the drain-source 
junctions of the further switching transistor and 
the further protection transistors are limited. 

16» A circuit integrated on a semiconductor sub* 10 
strate, comprising a first and a second supply 
voltage terminal, an Input, and an output 
whereto a load to be dnven by tho circuit can 
be connected, a transistor and a sub-circuit 
being connected in ser ies between one of the js 
two supply voltage terminals and the output 
terminal, the gate of the transistor receiving a 
control signal, characterized in ttiat the elec- 
trode of the transistor connected to the sub- 
circuit is either a p + or an n* region, formed In so 
a p~ well or an n~ well, respectively, which is 
provided either in rr or p~ maiorial. respec- 
tively, and which extend as far as underneath 
the relevant gate. 

2S 

19» An integrated circuit as claimed in Claim 18, in 
which a further transistor is connected in series 
between the sub-circuit and the transistor, Its 
gate receiving a fixed voltage of a value which 
is between the voltages at the supply voltage so 
terminals, characterized in that the drain as 
woH as the source of the further transistor are 
either p or n regions which are formed by p~ 
Or n~ wells, respectively which are provided 
either In n~ or in p~ material and which extend as 
as far as underneath the gate of the further 
transistor- 
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(g) Integrated semiconductor circuit Including protection moans- 

© The invontion relates to a circuit which is in- 
tegrated on a semiconductor substrata in order to 
drive a toad, (for example, a VFD) by means of a 
comparatively high voltage (for example, 35 V). com- 
prising a first and a second supply voltage terminal 
for application of the comparatively high voltage, an 
input and a load output whereto a load to be driven 
by the circuit can be connected, there also being 
provided a switching transistor, a protection transis- 
tor and a sub-clrcult, the switching transistor and the 
protection transistor being connected in series, tho 
gate of the switching transistor being connected to 
the input, the source of the switching transistor being 
connected to a first supply voltage terminal, and the 
drain of the protection transistor supplying a signal 
for tho sub-circuit during operation, the Output of the 
sub-circuit being connected to the Joad output and 
the gate of tho protection transistor receiving a fixed 
voltage, the protection transistor being conceived so 
that it limits the voltage at the drain of the switching 
transistor. 
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